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(54) Fabrication methods of doped 
silica glass and optical fiber preform 
by using the doped silica glass 

(57) Quartz powder or Si0 2 glass fine 
particles are exposed to a gas for 
forming doped silica glass on the sur- 
face of the particles (e.g. containing 
SiCI 4 , a gaseous additive and water 
vapor), and then the resulting doped 
glass particles are sintered; the produc- 
tion of the glass particles, the addition 
of the dopant, and the vitrification of the 
glass particles are carried out by sepa- 
rate steps Lfnder suitable conditions. 
The method enables increased manu- 
facturing speed and dopant compo- 
nents like Pb0 2 , Sn0 2 , ZnO which are 
difficult to add to the glass can be 
added. 

An optical fiber preform is manufac- 
tured by depositing and sintering the 
doped silica glass on a rotating starting 
material, the rotating axis of which is 
inclined at 5 - 90° to the flow-off direc- 
tion of the flow of the doped silica glass. 
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Fabrication methods of doped silica glass and optical fiber preform by using the doped silica glass 

5 This invention relates to a method of manufacturing doped silica glass and a method of manufacturing an c 
optical fiber preform by utilizing the resulting doped silica glass manufactured by the former method. 

A doped silica glass containing principally Ge0 2 as a dopant and optionally diphosphorous pentoxide 
<P 2 0 5 ), diboron trioxide <B 2 0 3 ) and the like as additional dopants has been employed as a material for optical 
fiber. 

10 Heretofore, this type of the production of doped silica glass has been carried out mainly in accordance with 
the following three types of soot processes: 

(1 ) CVD Process (Inside Vapor Phase Oxidation Method) {see U.S. Patent No. 4,217,027). 

In this process, the side of a quartz tube is heated by a flame at a temperature of about 1,500 - 1,700 °C, and 
SiCI 4 and a compound for dopant, e.g., GeCI 4 supplied into the quartz tube in gaseous phase is subjected to 

15 thermal oxidation to form a doped silica glass layer. In this case, SiCI 4 and GeCI 4 come to be Si0 2 and Ge0 2 
glass fine particles and at the same time, form a transparent Ge0 2 doped silica glass body by the thermal 
oxidation reaction. Such operation is repeated to obtain a desired thickness of the doped silica glass layer. 
Then, when a heating power of the flame is permitted to elevate to attain a temperature of about 
1,700 - 1 ,800 °C, the quartz tube shrinks to make the same solid, thereby producing an optical fiber preform. 

20 In this process, the synthesis of silica glass fine particles, addition of Ge0 2 and vitrification of the silica glass 
fine particles are simultaneously carried out in accordance with thermal oxidation reaction by the same heat 
source. 

(2) OVPO Method (Outside Vapor Phase Oxidation Method) (see U.S. Patent No. 3,859,073). 

In this method, fine glass particles consisting of Si0 2 and Ge0 2 synthesized in a flame are jetted on the 
25 side of a rotating starting material (mandrel) to obtain a porous silica glass sintered body containing Ge0 2 . 2 5 
The resulting hollow round bar-like porous silica glass sintered body is heated and vitrified by means of a " 
ring-like heater element at a temperature of about 1,500 - 1,600 °C, thereby to obtain a transparent GeQ 2 
doped silica glass body. This Ge0 2 doped silica glass body is inserted into a quartz tube to obtain an optical 
fiber preform. In the method, the synthesis of silica glass fine particles, addition of Ge0 2 and sintering are 
30 simultaneously effected by the same heat source, whilst only vitrification is carried out in accordance with a 30 
separate step. 

(3) VAD Method (Vapor-Phase Axial Deposition Method) (see U.S. Patent No. 4,062,665). 

Glass forming raw materials such as SiCI 4 , GeCI 4 and the like as well as 0 2 - H 2 flame stream consisting of 
H 2 , 0 2 and inert gases are blown off from a synthesizing torch connected to a feed pipe for the glass forming 

35 raw materials and a feed pipe for H 2 - 0 2 gases, whereby the aforesaid glass forming raw materials are 35 
subjected to flame hydrolysis to produce glass fine particles like Si0 2 , Ge0 2 and at the same time, the fine 
glass particles are sintered by the same flame stream to form a porous glass body. This porous glass body is 
successively deposited on the extreme end of a supporting rod being moved upwardly by pulling up the 
same while rotating by means of a rotationary pulling-up device to fabricate a porous silica glass sintered 

40 body containing Ge0 2 . Then, the resulting porous silica glass sintered body is heated and fused by means of 40 
a heater element disposed on the upper portion of the apparatus at a temperature of about 1 ,500 - 1 ,600 °C to 
effect vitrification, and as a result, a transparent Ge0 2 doped silica glass body is produced. The resultant 
Ge0 2 doped silica glass body is inserted into a quartz tube to use the same as an optical fiber preform. In this 
method, the synthesis of fine glass particles, addition of GeQ 2 and sintering are simultaneously carried out 

45 by the same heat source similarly to that in the above outside vapor phase oxidation method, and on the 
other hand, the deformation and vitrification steps are carried out by means of the ring-like heater element 
disposed on the upper portion of the apparatus. 

Simple explanations have been made on typical three types of method for manufacturing doped silica 
glass for optical fiber fabrication which are practised at present, but these conventional methods have the 

50 following various disadvantages. 

That is, a conventional method (soot process) for manufacturing doped silica glass has had such a 
disadvantage that when it contemplates to increase an amount of glass forming raw materials supplied per 
unit time and to increase a rate of production of the doped silica glass, an efficiency for synthesizing the 
glass fine particles according to flame hydrolysis reaction decreases. Besides, there has been also such a 

55 disadvantage that since the synthesis of glass fine particles, addition of Ge0 2 and sintering are 55 
simultaneously carried out by the same heat source, when the supplying amount of glass forming raw 
materials is increased, the sintering becomes insufficient so that a formation of the porous glass body 
becomes difficult. 

According to the study by the present inventors, it was found that because of the limitation as mentioned 
60 above, it was difficult to obtain 500 g or more amount of production per unit time in accordance with the 60 
manufacturing method of the doped silica glass by employing the soot process and furthermore, efficiency 
80% in the production thereof was the upper limit in such process. 

In order to avoid the disadvantages of the soot process as to the increase of a rate in the fabrication of ' 
glass body, when a method in which a temperature of flame is raised so that a transparent glass body is 
d.rectly produced from fine glass particles (a so-called direct vitrification process) is adopted, GeQ 2 cannot 65 
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be added to the transparent glass body, and as a result, doped silica glass cannot be obtained. 

In any case of these conventional methods, synthesis of fine glass particles, addition of Ge0 2 and sinterinq 
have simultaneously been effected by the same heat source, and in case of inside vapor phase oxidation 
method, even vitrification step has simultaneously been made with the above other steps by the same heat 
5 source. For this reason, there has been such disadvantage that it is hard to adjust the conditions being 
respectively suitable for synthesis of fine glass particles, addition of Ge0 2 and sintering thereof, and 
particularly when the improvement in a rate of production of doped silica glass is intended, homogeneous 
and transparent doped silica glass cannot be obtained. 

For instance, in order to improve a rate of production in an inside vapor phase oxidation method when a 

10 supplying amount of SiCI 4 and GeCI 4 was increased (SiCUGeCU ratio being constant), there arose such a 
problem that the vitrification was not sufficient, but porous glass sintered bodies remained in a lamellar 
constituent. Then, when the flame temperature was further raised to accelerate the reaction and at the same 
time to form perfectly a transparent glass body, there occurred a problem that a ratio of Ge0 2 content in the 
formed doped silica glass layer decreased. After all, in order to improve a rate of production and to obtain 

i 5 doped silica glass having desired characteristics in CVD method, required is a fine adjustment of the 

conditions for synthesizing glass fine particles, for adding Ge0 2 and for effecting vitrification so as to set an 
optimum synthesizing conditions. Therefore, there has naturally been a limitation for the improvement of a 
rate of production. Similar tendency can be observed in also OVPO method and VAD method, respectively. 
That is, there was a disadvantage in that when the amounts of SiCI 4 and GeCI 4 were increased, a degree of 

20 sintering in the formed porous sintered body was decreased to generate "cracking" etc., so that a porous 20 
glass sintered body for an optical fiber preform could not be produced. 

On the other hand, in order to improve the above stated disadvantage, when the flame is intensified, there 
arose a problem that the GeQ 2 content was decreased, thus there have been restrictions in respect of the 
adjustment of fabrication conditions, in order to increase the rate of production of doped silica glass. 

25 The above discussion may also be applied for the case where a doped silica glass is produced bv utilizina 

Pb0 2 orSn0 2 asadopant. ° 

According to these conventional methods, however, when it is intended that a supplying amount of 
glass-forming raw materials etc. per unit time is increased and a rate of production of doped silica glass is 
increased, an efficiency for synthesizing glass fine particles decreases and at the same time, the sintering 

30 thereof becomes insufficient, so that it is difficult to form a porous glass body. On the other hand, for the 30 
sake of improving the efficiency for synthesizing glass fine particles and making the sintering sufficient, 
when it is contemplated that a temperature of the oxy-hydrogen flame is raised and the rate of the 
production of doped silica glass is improved, no dopant PbO ? or Sn0 2 can be added. 

For these reasons as mentioned above, these conventional methods could not avoid such disadvantages 

35 that doped silica glass must be produced under the restriction in matching of a rate in production of the 35 
doped silica glass with an adding amount of a dopant, so that the amount of Pb0 2 or SnO ? which can be 
added to the glass fine particles was merely a very minor amount, besides the rate of the production was 
also slow. 

In view of the above-mentioned various disadvantages of prior art, a main object of the present invention 
40 is to provide a method of manufacturing doped silica glass with a good quality can effectively be produced at 4n 
a high rate. 

It is another object of the invention to provide a method of effectively manufacturing homogeneous and 
transparent doped silica glass and in which a dopant content is easily controlled. 

A further object of the invention is to provide a method of manufacturing doped silica glass at a high speed 
45 simply which is sufficiently doped with a dopant such as Pb0 2 , Sn0 2 ZnO or the like which is difficult to be 45 
added to the silica glass by a conventional soot process. 

Still another object of the invention is to provide a method of manufacturing doped silica glass in which 
concentration distribution of a dopant in a radial direction of the doped silica glass can be controlled to 
obtain a desired distribution. 

50 A still further object of the invention is to provide a method of manufacturing doped silica glass with a low 50 
OH ion content and in which evaporation of a dopant can remarkably be reduced. 

- A further object of the invention is to provide a method of manufacturing a transparent doped silica glass 
without containing any residual bubble at a high manufacturing speed. 

Yet another object of the invention is to provide a method of manufacturing an optical fiber preform by 

55 utilizing doped silica glass in which the optical fiber preform having a uniform outer diameter and a uniform 55 
boundary surface of the core-clad can be produced at a high synthesizing rate. 

In the present invention, a method of manufacturing doped silica glass comprises a first process for 
synthesizing silica glass fine particles, each having a diameter of around 0.05 - 0.2 um, through thermal 
oxidation or flame hydrolysis of an easily oxidizable silicon compound such as SiCI 4 . SiH 4 or SiHCI 4 a 

60 second process for forming doped silica glass fine particles by dissolving a gaseous additive of an easily 60 
oxidizable compound for producing a dopant such as GeCI 4 . SnCI 4 , PbCI 4 , ZnCU, POCI 3 , PCI 3 , TiCI 3 , BBr 3 , BCI 
or the like which is capable of forming a solid solution with the aforesaid silica glass fine particles through 3 
the reaction of a gaseous additive containing the easily oxidizable compound for producing a dopant i e 
the easily oxidizable silicon compound with water vapor or oxygen on the surface of the resulting sythesi'zed 

65 silica glass f.ne part.cles, and a third process for sintering the doped silica glass fine particles to vitrify the 65 



3 



GB 2 083 806 A 



3 



ilica 



same and each heat treatment in each of the processes is performed by using separate heat source 

In the second process, the silica glass fine particles are exposed to the gas for forming the doped sine 
glass containing the aforesaid gaseous additive for producing a dopant and water vapor or oxygen at a 
temperature of 500 - 1 ,000 °C in case of thermal hydrolysis or of 800 - 1 ,200 X in case of thermal oxidation to 
5 effect the thermal hydrolysis or oxidation, so that an Si0 2 -dopant solid solution is formed on the surface of c 
the silica glass fine particle. In the third process, the vitrification of the doped silica glass fine particles may 
directly be effected at a temperature of 1,500 - 1,700 °C. Alternatively, a porous doped silica glass body may 
be produced by heating the doped silica glass fine particles at a temperature of 1 ,200 - 1 ,400 °C and then the 
resulting porous doped silica glass body may be subjected to the vitrification at a temperature of 1 500 
10 1,700 °C. In this case, for example, quartz powder with 1 ,000 mesh or more may be utilized in place of the 1 « 

silica glass fine particles. 10 

In accordance with method of manufacturing doped silica glass according to the present invention the 
quartz powder or Si0 2 glass fine particles are exposed to a gas for producing the doped silica glass 
containing SiCI 4 , a gaseous additive and water vapor <H 2 0) to add the dopant to the glass body and then the 
15 resulting glass body is fused at a high temperature, thereby producing a transparent doped silica glass in 
which the production of the glass particles, the addition of the dopant, and the vitrification of the glass body 
are carried out by separate step under respective suitable conditions. Consequently, the manufacturing 
speed is not limited in the method of this invention by such various factors as mentioned above, and 
accordingly the invention has an advantage of being capable of remarkably increasing the producing speed 
20 per unit time. In addition, the decrease of content of the dopant components in the doped silica glass can be 
suppressed by dissolving the dopant components such as Ge0 2 or the like into the silica glass. The dopant 
can suitably be adjusted with any desired amount by changing a reaction time of the dissolution in the 
method of the present invention. In addition to the above, dopant components such as Pb0 2 , Sn0 2 ZnO or 
the like which is difficult to be added to the glass body in a conventional soot process can easily be added 
25 with a controlled amount according to the method of this invention. 

According to the present invention, the quartz powder may be employed as a glass-forming raw material 
so that inexpensive doped silica glass can be produced. Moreover, since a distribution in concentration of 
the dopant in the doped silica glass becomes uniform in this case, when, for instance, an optical fiber js 
manufactured by using this doped silica glass, there is an advantage of being capable of manufacturing the 
30 optical fiber having a low transmission loss. 

The synthesis of the doped silica glass fine particles in the second process is carried out by dissolving for 
example, dopant components containing, for example, principally Ge0 2 , i.e., Ge0 2 alone or the combination 
of Ge0 2 , P 2 O s and B 2 0 3 into the silica glass fine particles. For the sake of simplicity, explanation will be made 
in connection with the addition of Ge0 2 alone hereinbelow. The second process of this invention has been 
35 contrived on the basis of the following discovery. That is, when Ge0 2 glass fine particles or Ge0 2 grains are 
simply mixed with silica glass fine particles, only GeQ 2 evaporates selectively in the succeeding sintering or 
vitrifying step, so that it is difficult to obtain doped silica glass having a desired amount of Ge0 2 content, and 
no addition of Ge0 2 can be made according to circumstances. In this respect, the second process of the ' 
invention is arranged in such a manner that Ge0 2 is allowed to be dissolved into SiQ 2 so that Ge0 2 is added 
40 to Si0 2 (dissolution of Ge0 2 ). As a result, the evaporation of Ge0 2 is prevented in the case of sintering and 
vitrification and the doped silica glass fine particles with a desired Ge0 2 content is obtained. 

The dissolution of Ge0 2 is effected in such a manner that an easily oxidizable germanium compound such 
as GeCI 4 and easily oxidizable silicon compound are subjected to thermal hydrolysis on the surfaces of silica 
glass fine particles to cause the following reactions (1 ) and (2). 



45 



50 



SiCI 4 + 2H 2 0 — Si0 2 + 4HCI 
GeCIa + SH 2 0 — Ge0 2 + 4HC1 



(1) 
(2) 



As a result, a glass layer in which Ge0 2 is dissolved into Si0 2 is formed on the surfaces of the aforesaid fine 
particles. Such dissolution is practically carried out in such a manner that a rotating reaction vessel is loaded 
with silica glass fine particles, and the so loaded silica glass fine particles are exposed to a reaction gas 

55 containing SiCI 4 , GeCU and H 2 0 at a temperature of about 500 - 1 ,000 C C. The dissolution of Ge0 2 to Si0 2 in 
accordance with the second process can be ascertained by the observation of absorption in the vicinity of 
660 cm in infrared absorption characteristics. As a matter of course, any such absorption cannot be 
observed in a simple mixture of Si0 2 and Ge0 2 . In the case where the dopant component contain P 2 O s and 
B 2 0 3 other than Ge0 2 , dissolution is carried out by adding POCl 3 , PCI 3 , BBr 3 , BCI 3 or the like to the qiass 

60 particles, like the dissolution mentioned above. 

In the third process, the doped silica glass fine particles are sintered by means of an oxy-hydrogen flame 
plasma flame, high temperature electric furnace or the like to fabricate a porous glass sintered body and 
then, the resultant porous glass sintered body is deformed and vitrified to obtain a transparent glass' body In 
this case, if the heating temperature is raised, transparent doped silica glass can directly be obtained without 

65 taking the step of forming the sintered bodv in appearance. In the sintering process, such doped silica glass 
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fine particles may be shaped into a desired form in advance bv usino * hinh 

When the doped silica glass body fabricated by the a^^d p^Sa^^?. 
embeded in a quartz glass tube an ootical fihpr nr ow!n ll process is adopted as a core material and is 
subjected to wTre drawfng to manufac ure an o^ ^ ° PticaI fiber preform is 

when the blow-off amount is increased to 100 n n»r mi,, t« .i, 9 P art,cles « 10 g per minute, but 

By heat-treating the doped silica glass fine (articles. the diameter of the line glass particle can b. 25 
' <""'P™> «"Ped silica glass body can be produced „ a h?gh speed wS^., 
^S|£S^^^^^ 

M e^=a'd~ o^le S a:=,b^^ 

that there .s no evaporat.on of a dopant such as Ge0 2 , but that such evaporation is less than t£t of a 
conventional soot process. Accordingly, in order to remarkably reduce the evaporation of such 2lL, • 

35 z i:tn,* at quanz powders or si ° a giass fine particies ™ «p°- CKiss ,s 

9 SSZ Wa,er H V3 P° r and a ^seous ^ditive which reacts with SiC.fand H 2 0 at a ?emp e ratue of 500 
; C «° P~du« a dopant being capable of forming a solid solution with Si0 2 . thereby forming a 

-^^^^^^ 
40 r£d opedsi,ica9 '^ 

th^in d i in9 l ° S , UCh : me , thod of manufacturing doped silica glass of the present invention as stated above 
the S.0 2 layer ,s further laminated on the surface of the doped silica glass fine oarticle °r? th J J * , 
Ge0 2 , in the SiO.-dopant solid solution does not volatilize even in a W^£^£^££!S? ^ 

45 dopt^^^ 

n^H^ Sili ? 9 ' aSS W,,h 3 IOW ° H ion COntent may also be P^duced by such a manner that a aas for 
dehydrating treatment containing a chlorine compound such as SOCI 2 , Cl 2 or the like is induded fin ?L 
above-mentioned first, second process and hea, treatment upon the doped si. ca glass fine nartlc.el or th 

50 prc2 S f ° rm,n9 Si °* 9l3SS ' ayer °" the SUrfaCe ° f the 9?ass fine P \Z^^T 

Furthermore, in order to control concentration distribution of a dopant in the radial direction of th» a m 5 ° 
sJ-ca glass to obtain a desired distribution, it is preferable, in the vitrification process X^eo^-** 
the doped s.hca glass fine particles by forming the Si0 2 -dopant solid solution thaiZll 7 Paction of 
silica glass fine particles which are different from one anothe in ^«het amounts ^ ° f d ° P6d 

55- - from the respective separate feed openings to contro. the cLZn^Z^to^^^!?? "I 'T* 

the doped*ilica glass fine particles are sintered and vitrified d.stnbuhon of the dopant, and then 55 

■According to the above treatment, the dopant concentration distribution can be formed in the radix, 
direction of the resulting doped silica glass body, an optica, fiber produced byutilSnatuch^^ r 

60 9 a n S a^ 0 e,hod r T arkab ; y '^l^ ° f '-nsmission band and transmis ^oss ^ ^ 

60 In a-method of manufacturing 1 an optical fiber preform wherein fine ola^ n ar „vi»c i„ 

which a dopant was added by dissolving the same into Si0 2 a a Zet « be deposited TnTfuZT^ ,0 6 ° 
of flame or plasma flame on the extreme endof the starting materia, which i TrSona^v m„ h 1 V 
invention includes a step that the rotatina a*i«= nf ih» a f n J,-w. - rotationally moved, the present 

90* with respect to the bfcJ^ Jj^nad by an angle of 5" - 

65 obtain a round rod-like transparent doped silica glass body ^ ° r P ' aSma f,ame t0 
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In accordance w.th the present invention, an optical fiber preform having a uniform outer diameter and a 
un.form boundary surface of the core-clad thereof can be produced at a high synthesizing speed and 
accordingly, there is an advantage in that the cost of optical fiber which may practically be utilized can be 
reduced. Furthermore, there is also an advantage in that a preform for single mode optical fiber having an 
5 ideal d.stnbut.on of refractive index and excellent transmission characteristics can be mass produced * 

F '9ures1. 2 and 3 are schematic views showing embodiments of apparatuses embodying a first, a second 
and a third processes, respectively, in a method of manufacturing doped silica glass according to the present 
invention; 

c^'^ re * ' S 3 sectional view showing a quartz powder or Si0 2 glass fine particle on the surface of which a 
10 Si0 2 -Ge0 2 layer is formed; 

Figure 5 is a schematic diagram showing a specific construction of the apparatus shown in Figure 2 ™ 
Figure 6 is a sectional view showing one embodiment of a reaction tube in the apparatus shown in Figure 

Figure 7 is a schematic diagram showing a specific construction of the apparatus shown in Figure 3* 
1 5 Figure 8 is a graphical representation illustrating infrared transmittance characteristic of silica glass'fine ic 
particles when a reaction temperature is changed; & 

Figure 9 is a graphical representation illustrating a reaction temperature dependency of an amount of 
Ge0 2 dopant. 

Figure 10 is a graphical representation illustrating a relationship of an amount of Ge0 2 dopant with 
20 SiCU/GeCU ratio; 

Figure 1 1 is a graphical representation illustrating a relationship of a concentration of the dissolved GeO, 2 ° 
with a reaction time; 

Figure 12 is a graphical representation illustrating a temperature dependency of a reaction of Droducina 
Si0 2 from SiCI 4 ; 3 

25 Figure 13 is a graphical representation illustrating vapor pressure of various dopant oxides with resoect to 

temperature; K * 3 

Figure 14 is a schematic view showing an embodiment of an apparatus for embodying a heat treatment 
step in a method of manufacturing doped silica glass according to the present invention; 

Figures ISA and 15B are sectional views showing one embodiment of a torch employed in the heat 
30 treatment of Figure 14; 

figure 16A is a schematic view showing one embodiment of an apparatus for effecting the sintering and 
vitrification in a method of manufacturing doped silica glass according to the invention; 

Figure 16B is a sectional view showing one embodiment of a construction of the torch in the apparatus 
shown in Figure 16A; 

35 Figure 17 is a graphical representation illustrating a distribution of refractive index in a radial direction of 
the doped silica glass produced by the apparatus shown in Figure 1 6A; 

Figure 18A is a schematic view showing one embodiment of an apparatus for embodying a method of 
manufacturing doped silica glass according to the invention in which a distribution of refractive index in a 
radial direction of the doped silica glass can be changed; 

40 Figure 18B is a sectional view showing one embodiment of a construction of the torch in the apparatus of an 
Figure 18A; 

Figures 79 and 20 are graphical representations each illustrating a distribution of refractive index in a 
radial direction of the doped silica glass produced by embodying a method of manufacturing doped silica 
glass according to the present invention by using the apparatus shown in Figure 18A; 
45 Figure 2 7 is a block diagram illustrating manufacturing steps for forming an Si0 2 layer on a surface of a 
doped silica glass fine particle in accordance with the present invention; 

Figure 22 is a sectional view showing one example of a doped silica glass fine particle obtained bv the 
process illustrated in Figure 21 ; 

Figure 23 is a schematic sectional view showing one embodiment of an apparatus for embodying the 
50 process illustrated in Figure 21; 

Figures 24, 25 and 26 are schematic views for explaining a conventional method of manufacturing an 
optical fiber preform; 

Figure 27 is a schematic view for explaining Example 7 of a method of manufacturing an optical fiber 
preform according to the present invention; 
55 Figure 28 is a graphical representation illustrating changes of fluctuation of an outer diameter of a glass 55 
body with respect to an inclination angle 0 of the optical fiber preform produced in Example 7 - 
Figure 29 is a schematic view for explaining Example 8 of the present invention; 

Figure 30 is a graphical representation illustrating a distribution of refractive index of the optical fiber 
preform produced in Example,8; and 
60 Figure 31 is a schematic view for explaining Example 9 of the present invention. 60 
Figures 1 , 2 and 3 are schematic views showing embodiments of apparatuses embodying a first, a second 
and a third processes of a method according to this invention, respectively. In Figure 1 showing the first 
process, reference numeral 1 designates a synthesizing torch, 2 a flame stream, 3 s.lica glass fine particles 
and 4 a container. In Figure 2 showing the second process, reference numeral 5 designates a heater element 
65 ,n an electnc furnace, 6 a rotating reactor vessel, and 7 doped silica glass fine particles produced in this 65 
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process. In Figure 3 showing the third process, reference numeral 7 designates doped silica glass fine 
particles, 8 a feed opening, 9 a synthesizing torch, 10 a flame stream, 1 1 a porous doped glass body, and 1 2 a 
rotary pulling-down device. 
In the first process, 0 2 gas and H 2 gas are supplied to the synthesizing torch 1 together with evaporated 
5 and vaporized SiCI 4 . The SiCI 4 gas is hydrolyzed in the flame 2 derived from the synthesizing torch 1 to form 
S»0 2 , so that the Si0 2 glass fine particles 3 are produced to be deposited in the container 4. Such apparatus 
for embodying the first process may be constructed in a conventional structure. 

In the second process, the silica glass fine particles 3 produced in accordance with the first process are 
placed in the reactor 6 rotating as indicated by an arrow in Figure 2. The interior of the reactor 6 is heated at a 
10 temperature of 500 - 1 ,200 °C by means of the heater element 5 for electric furnace, and, for example a gas 
contarmng an evaporated and vaporized GeCI 4 , 0 2 gas or, H 2 0 and SiCI 4 is introduced to the reactor from an 
inlet 6A thereof, whereby the silica glass fine particles are exposed to the gas to form a Si0 2 - Ge0 2 solid 
solution glass layer 17 containing Ge0 2 dissolved into Si0 2 on the surface of a quartz or glass fine particle 16 
as shown in Figure 4. As a consequence, Ge0 2 does not evaporate even in case of a high temperature fusion 

15 at a temperature of 1,500 - 1,700 °C in the third process, but GeO z is added to the glass body to obtain silica n= 
glass doped with Ge0 2 . D 

In case of thermal hydrolysis, a reaction temperature for exposing the silica glass to the gas for forming 
doped silica glass is within a range of 500 - 1 ,000 °C. If the temperature is less than 500 °C, an oxide such as 
GeO z , PbO z , Sn0 2 or the like which forms a solid solution together with SiO ? is not obtained on the surface of 

20 a quartz or Si0 2 glass fine particle, but a crystal oxide such as crystal Ge0 2 is produced on the surface of the 20 
quartz or glass fine particle. Such crystal oxide, e.g., crystal Ge0 2 easily evaporates in case of the fusion at a 
high temperature, and in such a case, the doped silica glass cannot be obtained. On the other hand, if a 
reaction temperature is more than 1,000 °C, Ge0 2 , Pb0 2 , Sn0 2 or the like does not turn into solid phase, so 
that a glass layer containing such a dopant is not formed. In case of thermal oxidation, a preferable reaction 

25 temperature ranges from 800 to 1,200°C. This range is determined as follows. An efficiency in converting 25 
GeCL, to Ge0 2 becomes 95% or more at 800°C or more and the upper limit 1,200 C C is determined on the 
basis of a fact that the sintering of a glass fine particle starts at this temperature. 

A gaseous additive to be contained in a gas for forming doped silica glass may be any material which can 
produce an oxide being capable of forming a solid solution together with Si0 2 through a reaction with H 2 0. 

30 for example, at least one compound selected from the group consisting of GeCI 4 , SnCI 4 , PbCI 4 , ZnCI 4 , 30 
alkoxide compounds of tin, lead or zinc, POCI 3 , PC1 3 , TiCI 3 , BBr 3 , BCI 3 and the like may be employed as the 
gaseous additive. In the case where POCI 3 alone is utilized, silica glass doped with P 2 O s is produced. 

If a dopant (e.g., Ge0 2 ) is added to form a solid solution by utilizing surface reaction as mentioned above, it 
is possible to obtain a uniform concentration of the dopant (e.g., Ge0 2 ) in a quartz powder or glass fine 

35 particles. 35 
As a dehydrating agent, Cl 2 , SOCI 2 or the like may be contained in the gas for forming doped silica glass in 
addition to SiCI 4 , H 2 0 and a gaseous additive. In this case, OH group and H 2 0 molecule in the quartz powder 
or Si0 2 glass fine powder can be removed. 

In the third process, the doped silica glass fine particles from the feed opening 8 and 0 2 gas as well as H 2 

40 gas are supplied to the synthesizing torch 9 and then the doped silica glass fine particles are fused by means 40 
of the flame 10 having a temperature of 1 ,200 - 1 ,400 C C, the porous doped glass body 1 1 is obtained on the 
rotary pulling-down device 12. The porous doped silica glass body thus obtained is then subjected to 
deaeration and vitrification by heating the porous doped silica glass at a temperature of 1.500 - 1,700 °C in 
the electric furnace, so that final doped silica glass is produced. If the sintering is carried out by adjusting a 

45 temperature of the flame of the synthesizing torch 9 to be within a range of 1,500 - 1,700 °C. Asa result, 45 
transparent doped silica glass is directly obtained. 

It is to be noted that manners, conditions and the like in the vitrification process are not limited to a certain 
manner in the present invention. Furthermore, a plasma flame, high temperature electric furnace or the like 
instead of 0 2 - H 2 flame may effectively be used as heating means in the present invention, and it is clear that 

50 the heating means is not limited to those mentioned above. 50 
Then, a specific embodiment of an apparatus for embodying the dissolution in the second process will be 
shown in Figure 5 in which reference numeral 21 designates an electric furnace, and a reaction tube 23 made 
of quartz glass is disposed inside of a heater element 22 in the electric furnace 21 . The reaction tube 23 has a 
cross section as shown in Figure 6 and is provided with a plurality of fins 24 each projecting radially inwardly 

55 'n the tube 23. These fins 24 are arranged in such a way that when the reaction tube 23 is rotated as indicated 55 
by an arrow, glass fine particles 25 elevated to an upper position by means of the fins positioned upwardly 
fall therefrom to be agitated, whereby the glass fine particles are uniformly exposed to a reaction gas. The 
reaction tube 23 is rotated and driven by means of a rotating motor device 26. Reference numeral 27 
designates a feed pipe for feeding reaction gas and through which evaporated and vaporized GeCI 4 , SiCI 4 

60 and H 2 0 gases are supplied to the reaction tube 23. More specifically, in case where Ge0 2 is added^as a 60 
dopant. GeCI 4 , SiCI 4 and H 2 0 are stored in saturators 28, 29 and 30 respectively, and Ar gas is supplied 
thereto, thereby producing the above stated evaporated and vaporized GeCI«. SiCI 4 and H z O gases. 
Temperature regulators 31 , 32 and 33 for the respective saturators 28. 29 and 30 function to determine the 
respective feed rates of the gases. An exhaust pipe 34 transports an exhaust gas from the reaction tube 23. 

65 Through the exhaust pipe 34. the exhaust gas is transported to a device 35 for treating exhaust gas in which 65 
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toxic components are removed from the exhaust gas. so that the resulting gas is exhausted from the device 

Figure 7 is a block diagram showing a specific embodiment of an ar ,r. 3 r^ . * ^ • 

glass fine particles by means of fusion. In Figure 7 a feeder 41 of for , ^'"9 the doped silica 

5 particles 42 to a fusion torch 43. To the torch43 0 2 ^ B,MS ^ 

44. The glass fine particles fused by a flame 45 der yd ^om the fushfon ^Irch 43 are v ^ f ^ 2? feeder 5 
on a starting material rod 47 held by a rotary pulling-down delVe ^46 to firm *V ? ^ deposited 

body 48. .this case, the rotary pulling-down^e 4^^^^ ^.^^46^ ^ 

C r S o^ 10 
shoT^ 

and 9 are graphical representations; respectively, in which a changT?n t^^S^^S™* 
varymg reaction temperature (X) and a change in amount of dissolved Ge0 2 in case oWarCinc^he 
ttZZTT" COmp , OSiti0n ° f reaCti ° n 93S ' r "P-"ively. The amount of GeO diss^ed^ the 
partSes 9 Paft,C ' eS ^ ' dentified by me3SUrin9 infrared ^-nsmittance characteristics of the glass fine 

Curves in Figure 8 demonstrate results obtained by measuring infrared transmittance characteristics of , h p 
glass fine part.cles reacted under conditions at reaction temperatures of a) 150 X b) 370X cm X St?ono 
absorption lines of the characteristics a), b) and c) at wave number of 800 cm"' are due to Si O S^bond 9 
while weak absorption lines of the characteristic b) at wave lenoth of 870 rm-'»nrfthT k . 
wave length of 660 cm- are due to Ge-O-Ge bond « n Tli-0 Ge'boni res P Tctive^ £ thtca" '[he G Or 
bond suggests GeO, which is independent from S.0 2 . and the Si-O-Ge ^^lo^ G^^T^ e 
S.0 2 Furthermore, as a result of X-ray diffraction, it became clear that the U^SS^^^^m 25 
structure of hexagonal system, whilst the dissolved GeO, was non-crystalline ^ 
" :n^ U /oHtl![ UStr ^^ re ^ ti0n J emperatlJre de P ende "cy of amounts (concentrations) (mol %) of added 
™ ™Z< r n ^ Ge .° 2 dissolved Ge °*- Fi 9^e 9- the characteristic curves A and B represent the 
30 crystal Ge0 2 and d.ssolved Ge0 2 . respectively. From these results, it is understood that only the cr/stalcfeO ™ 
irni^n 3 reaCt ' 0n temperature of 470 ° C or le « both the crystal GeQ 2 and dissolve E 30 

^^VJS°!^Z? n S 70 " 69 °; C A Whi,e ° n,y thC diSSO ' Ved Ge °> is P"*"** -t a -action 

SSn1« "? , t,0n "° Ge ° 2 ' S add6d at 3 reaction ^mperature of 950 X or more 

crvs?a. Geo VnZT 7 ' epre ,f ntation "'^rating changes in amounts (concentrations) (mol %) of added 
d 'ssolved GeO, when ratio between SiCI 4 gas and GeCI 4 gas in the gas for forming doped 
silica glass is varied at a react.on temperature of 630X. in which characteristic lines A and S repTesent cases 
of the crystal Ge0 2 and dissolved Ge0 2 . respectively. The crystal Ge0 2 decreases in accordance with he 
nc ease of the ratio of SiC. 4 /GeC. 4 . i.e.. the increase of the concentration of SiC« 4 . whilst the disced GeO, 
Z7nl« macC ° rdance w,th the '"crease of the ratio of SiC. 4 /GeCI 4 . and the maximum concemra ton is 

wSn^ten of 3 sTc;% S eC, OUt " *™ °^ S produced 

G»n i J f.ClvGeCU .s zero. i.e.. the concentration of SiCI 4 is zero and accordingly no dissolved 

2£„i Pr ° dU " d - *' s « se ' the 9 as for forming doped silica glass may contain an easiiy ox°diLa We Sicon 
compound such as SiH 4 .SiHCI 4 or the like in place of SiCI 4 . ox iai zaoie silicon 

rln^ 1 1 9^apt ' i , ca, '©Presentation illustrating a dependency of an amount of the added dissolved 

d£l^d n crn ra,, ° n) (m °' ^ Wi,H reSP6Ct l ° 3 reaCti ° n time (minute) - in which «he amount of the added 
d.ssolved GefJ 2 increases substantially in proportion to the reaction time. Accordingly i, is U nde?staorMh,t 
the amount of the added dissolved GeO, can be determined to a desired value by adjus ng^e^act^ nTZ 
and also ,t .s poss.ble to add the dissolved Ge0 2 with a high concentration aa ' ust,n 9 ^ react.on time 

Figure 12 is a graphical representation illustrating a reaction efficiency that a raw material GeCI i, 
converted to GeO,. from which i, is understood that a reaction temperature a, which the dissolved C.n ; „ 
produced must be maintained at 800X or more in order «o obtain an efficiency of 95% or more n n fh^nZ 
hand the upper limit of the reaction temperature is determined on the basis o^ a fact t haunt singer inn ° 
glass fine particles commences at a temperature of 1.200 X or more. mat the sintering of 

Next, explanation will be made on the reason why various dopants ranoino from rh» ™~ u «, ^ 
which is easily added to the ones such as Sn or Pb which is hard? addec cTn be added ,oT? " V 
according to the present invention. Whether or not such dopant is added " the olass HnP £ t ■ 1™ f*™? 
relates to saturated vapor pressure of a dopant oxide as il.us.ra.ed^^ C ° V 

dopant .s not changed to solid phase in the case where space vapor pressure o the s doi»nt £ £ H u 
saturated vapor pressure, so that the dopant is not added to the glass «ne panic es On ol T an T I * 
space vapor pressure becomes higher than the saturated vapor pressure the doSm £ ^ h When ,^ e 
phase, so that it is added to the glass fine particles. Thus, in Figure 13 , he iole ■ Se ^ a ura^d ^ 
of a dopant material, the more easy the addition of dopant. However ii a coweiSona diri^ 
process, a transparent glass body is produced at a high temperature of ^^r^ sa ^T , , h 
vapor pressure becomes higher and thus, dopant materials which can be added 2 wile ZZt "* Ura * ed 
onlvtoT.O.anri A.,n. On ^r,o ;„ „ : wnoeaaaea in solid phase are limited 
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particles are produced and sintered, and consequently, a temperature at which a dopant is added ho 
adjusted to be 1 ,000 X or less. In this case, however, it is difficult to add a dopant m^ta""™ TZHr 

Examples of the present invention will be described hereinbelow. 
Example 1 

I ^oYmliO^Tr 1 '?" VeSS !l 23 Sh r n fn R9Ure 5 W3S Ch3r9ed With 1 ' 000 mesh < 2 5 quartz powder or 

80 wL f r«he bout 5 lt minutes -; hen ' ^ ™ ^^^v^^^^^^ 9as at 

W »h2 T 9 L^ 6 ' W8S j6tted fr ° m the ,0rCh 43 ,0 9 ether with fl»me 45 shownTn Rgure 7 to 
in nt 3 J 9 tem P erature of 1 '500 - 1.700 °C. so that transparent doped silica g^ass was obtaTned 

nVc It? U, " n9 - d | °r device 46 - The resulti »9 doped silica glass contains 10 mo.% JS^Vnti^s 
Ge0 2 content can easily be adjusted by varying the reaction time in the process of Figure 5 as seen in Fim.r* 

I I in th.s case, a manufacturing speed of the doped silica glass was 1.000 g per hour 9 
In the method of producing doped silica glass according to the present invention there is no factor for 

20 restnctmg the amount of production per unit time. According.y, when the apparatus o Rgure 5 ^s sea ed up 
and a large quantity of Ge0 2 -added quartz powders or SiQ 2 g.ass fine parties are manufactured I by tie 
scaled-up apparatus and further, when this large quantity of the powder is fused by means of tie ap^atus 
ZufT^ ' S » OSS ' bi V° impr ° Ve the manufactu ""9 speed of the doped silica glass to 1 -lo?Sa oer 

25 Since an o' fH^lame^'^tT 1 ' 1 ^ J*? '? 3 COnVen,io ' 1a, <"° cess is -"out 100 g/nour. or 500 9*0^?™ t. 
25 b.nce an 0 2 -H 2 flame is utilized for the fusion in the apparatus shown in Figure 7, a large amount of OH 

P.asTbodv rr 0 ' ''h" 638 " 9 ?" transmission ,oss °< °P««' "bar.) is contained inThe doped s .L 
?o thl V .'• ° 6r l ° Pr ° dUCe d ° Ped SiHca 9,aSS containin 9 * small amount of OH group accordina 

ogether wJ"h ""V deh * dratin 9 such as CI, SOC 2 or the^ike's supped' 

™ 2m. J, 5 4 ' f^" and Hz ° m 3 prOCess for addin 9 Ge0 * t0 remov e OH group and H,0 molecule in 

o^wdPr ^ °; S '? 2 9 ' aS f fine P ° Wder ' and then vit " fica t'°" ^ effected upon the quarWoTl o, gta SS 

powder by means of a plasma flame, a high temperature electric furnace or the like 
While in the present example a transparent doped silica glass body is produced by directly fusina the 

tZT^ \^ fl 'T T^' * e ° f Ge °* 31 3 hi 9 h tenure as shown i F guZ ^e 

35 orma P tion n nf ,T * 9 ,' aSS b ° dy be manufa <*"ed by vitrifying a porous g.ass sintered body after the 
35 formation of the porous glass sintered body to which Ge0 2 is added ooyanertne 

n^ d l S ! ribed 3b ° V ,f ' ,hG Pr6Sent invention relates to a method in which quartz powder or Si0 2 glass fine 
n P ;^ S are , ^P 0 !^ toan atmosphere containing SiCI 4 . a gaseous additive and H z O to add a dopant to the 
quartz powder or S,0 2 glass fine particles, and then such quartz powder or Si0 2 glass fine partcles a^re 
thauhim VT temperature fusion *> P^duce transparent doped silica glass This .ead to an advantage 
itnll 7 9 S . Pe6d PGr Un!t t!me C3n remarkab| V improved. In addition, quartz powder may be 

tutZ i ? raw h ma,er ' aI » n the -mention, so that an inexpensive optical fiber can be produced ^urthTrmore 
innpH S ° T T 3dvanta 9 e ,hat the d °P a "« (e-9- Ge0 2 ) is uniformly added so that the Sly p^odTed 
doped sil.ca glass has a uniform concentration of GeO, and accordingly an optical fiber with a L 
transmission loss can be fabricated. "P»cai riDer with a low 

Example 2 45 
In the first process. 0 2 gas. H 2 gas and evaporated and vaporized SiCL were suooliPd tn th» ■ 

In the second process, the reaction vessel 23 rotating at 15 rpm in the apparatus shown in Fiqure 5 was 
charged w.th 1 kg of the aforesaid silica glass fine partic.es 25. and on one hand. Q 2 gas conta n.ng 10 mol- 
of the evaporated and vaporized GeCI 4 was fed from the inlet of the reaction vessel 23 at a rate of I /7mT„ 
Then, the silica g.ass fine particles were exposed to this atmosphere at abouM 200 X for 10C ^ minutes Ind 

3S .n ^h- H° Ped ""'"I? 135 ; P3r,iCleS COn,ain '" n9 3bout 10 mo,% ° f GeO, were o b ° a ned ^ ^ 
In the th.rd process, the aforesaid doped silica glass fine particles were suoolied at a ra t« nf ', n «. ■ * 

lVL e d de ; 4 1 f ? th ^r aratus shown in Figure 7 ,o the s ^ 

fused bv thef^ml ^ K ' m,n - and 5 " min " res P ective 'V- so that the doped silica g.ass fine particles were 
fused by he flame 45 having a temperature of 1.200 - 1.400X to form a porous doped class bodC ™ 
rotary pul.mg-down device 46'at a rate of 10 g/min. Moreover, when the sintering was e fected a^arne 
temperature of 1.500 - 1.700 °C on the aforesaid doped silica glass fine particles bv^Hi^ n!, 1 ,k 
torch to which there are supplied O, gas a, 20 //min. and H 2 gas at 10 ,% Z Tt«n»S 
body was obtained. On the other hand, the porous doped s ifca glass b ZasS«l* P s-l.ca glass 



40 



45 



50 



55 



60 



10 



15 



20 



25 



30 



35 



40 



50 



55 



60 



The doped silica glass body thus obtained was utilized as a core material and embedded in a quartz tube in 
accordance w.th the above described method to form an optical fiber preform. The resulting optical fiber 
preform was subjected to wire drawing to obtain an optical fiber with a low transmission loss of about 5 
dB/Km (wavelength of 0.85 um) was produced. 
5 As apparent from the above description, the present invention, unlike a conventional method of 
manufacturing doped silica glass, comprises independent steps of producing silica glass fine particles 
adding a dopant containing Ge0 2 , and sintering and vitrifying doped silica glass fine particles Accordingly 
the present invention has an advantage in that the manufacturing speed of the doped silica glass can easily 
be improved, without restriction of the manufacturing speed due to the adjustment of the above respective 
10 conditions. Furthermore, there is another advantage in that the dopant content can easily be adjusted since 
the step for adding a dopant is independent from the other steps and the adding step is effected bv means of 
dissolution. 

Thus, an optical fiber preform with favorable characteristics in which the silica glass doped with GeQ 2 is 
utilized as a core material can be mass produced, so that the cost of optical fiber can be reduced in 
15 accordance with the present invention. 
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Example 3 

First, the rotating reaction vessel 23 in the apparatus shown in Figure 5 was loaded with the SiQ 2 glass fine 
particles 25 each having a diameter of about 1,000 A to be heated at a temperature of 500 - 1,000°C by means 
20 of the heater element 22 of the electric furnace. 

Then, an atmospheric gas containing SiCU, H 2 0, and an easily oxidizable tin compound or an easily 
oxidizable lead compound was supplied to the reaction vessel 23, and the glass fine particles 25 were 
exposed to the atmospheric gas, so that Sn0 2 (or Pb0 2 ) was dissolved into the glass fine particles (the term 
"dissolution" means that SnQ 2 or Pb0 2 is dissolved together with Si0 2 , so that Sn0 2 or Pb0 2 is added to 
25 Si0 2 glass). 

The technical feature of the present invention resides in that SiCU is supplied together with at least one 25 
compound selected from the group consisting of easily oxidizable tin compounds and easily oxidizable lead 
compounds such as SnCI 4 and PbCI 4 , and as a result, for example, SnQ 2 dissolves with Si0 2 to be added to 
the silica glass fine particles. 

30 Silica glass doped with SnQ 2 was prepared by utilizing the above-mentioned apparatus in accordance with 
a manner as described hereunder. First, an atmospheric gas containing a gas for forming doped silica glass 
containing 1 0 mol% of SiCU, 1 0 mol% of SnCI 4 , 30 mol% of H 2 0 {and the remainder was inert gas) was fed to 
the rotating reaction vessel 23 at a rate of 1 ^/min., and about 1 kg of Si0 2 glass fine particles 25 were 
exposed to the atmospheric gas at 700°C for 10 minutes. As a consequence, in this case, about 10 moi% of 

35 SnQ 2 was dissolved into the g lass fine particles. On one hand, if SiCU was not supplied together with the 
other atmospheric gas components, Sn0 2 dissolved with Si0 2 was not produced, but only Sn0 2 crystalline 
grains were produced. 

Further, 1 mol% Sn0 2 was dissolved with Si0 2 , when an exposure time of the glass fine particles to the 
atmospheric gas was 1 minute, and about 20 mol% Sn0 2 was dissolved when an exposure time was 20 
40 minutes. In this manner, the amount of Sn0 2 to be dissolved could easily be controlled. 

The glass fine particles into which Sn0 2 was thus dissolved were fed from the feeder 41 to the torch 43 
shown in Figure 7, and the glass fine particles were sintered and vitrified in the flame or plasma flame 45, 
whereby a transparent doped silica glass body was produced. 

The glass fine particles 42 into which 10 mol% of Sn0 2 (or Pb0 2 ) was dissolved were supplied into the 
45 flame 45 at a rate of 100 g/min., and the so supplied glass fine particles were subjected to vitrification in the 
flame by utilizing the apparatus shown in Figure 7, so that the transparent doped silica glass body 48 was 
grown at a manufacturing speed of 90 g/min. 

An optical fiber having an outer diameter of 1 25 um and a core diameter of 50 um which was fabricated 
from the transparent doped silica glass body 48 thus obtained by employing the glass body 48 as a core 
50 material had a transmission loss of 5 dB/km (wavelength of 0.85 um). 

Moreover, in the apparatus shown in Figure 7, when a vitrified transparent glass body 48 was produced by 
utilizing a plasma flame instead of oxyhydrogen flame, an amount of included OH group could be reduced. 
As a result, an optical fiber fabricated from this vitrified glass body exhibited a transmission loss of 5 dB km 
even at a wavelength of 1 .3 um. 
55 As described above, the method of manufacturing doped silica glass according to the present invention 
has an advantage in that an inexpensive optical fiber can be mass produced, because Sn0 2 or Pb0 2 can 
easily be added to the silica glass powder and an amount of added Sn0 2 or Pb0 2 may be adjusted freely 
Furthermore, since a step for dissolving Sn0 2 (or Pb0 2 ) with the silica glass powder is independent from a 
step for vitrifying the doped s.ilica glass, there is also an advantage of an increase of a manufacturina sDeed 
60 of the glass body. i 3 

A thermal treatment in the present invention will be described in more detail hereinbelow 
According to the method of manufacturing doped silica glass of the invention, a thermal treatment may 
also be applied to the doped silica glass powder obtained by dissolving a dopant such as Ge0 2 SnO Pb0 2 
or the like into a glass fine powder synthesized by means of flame hydrolysis, thermal oxidation reaction or 
65 the l.ke m advance of the deposition and fus.on of the doped silica class oowder on thP Pvtror^o « n H of rho 
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silica glass fine particles with a high doping concentration, 83A and 83B outlets for supplying doped silica 
glass fine particles with a low doping concentration, 84 an outlet for supplying gas for flame, 85 and 86 flows 
of doped silica glass fine particles, 87 a flow of flame, and 88 a doped silica glass body. 

As apparent from Figures 18A and 18B, the synthesizing torch 81 is provided with the outlet 82 for high 
5 concentration doped silica glass fine particles at the center of the torch and the outlets 83A and 83B for low 

concentration doped silica glass fine particles are disposed on the opposite sides of and adjoining the outlet 
. 82. It is to be noted that the number and positions of such the outlets 82, 83A and 83B are not limited to the 
specific arrangement as stated above, and may be functionally determined by taking a desired distribution of 
concentration (distribution of refractive index) of dopant or the like into consideration. 
10 The outlet 84 for supplying a gas for flame is arranged in such a way that the outlets 82, 83A and 83B are 
surrounded thereby, so that favorable glass fine particles are sintered and vitrified. 

While the flow 86 of high concentration doped silica glass fine particles fed from the outlet 82 for high 
concentration doped silica glass fine particles and the flows 85 of low concentration silica glass fine particles 
fed from the outlets 83A and 83B for low concentration doped silica glass fine particles are admixed and 
15 diffused with each other in the flame flow 87 fed from the outlet 84 for flame gas and on the surface of the 
doped silica glass body 88 held on the receiving plate 46, the doped silica glass body 88 is formed. As a 
result, a distribution of dopant concentration in the radial direction is observed in the doped silica glass body 
88 thus produced. In this case, when the flame temperature is relatively high, a transparent doped silica glass 
body is produced, while when the flame temperature is low, a porous doped silica glass body is obtained 

20 

Example 5 

By utilizing the apparatus shown in Figure 18A, doped silica glass was produced as described hereunder. 
Doped silica glass fine particles into which 10 mol% of Ge0 2 was dissolved was supplied from the outlet 82 
for high concentration doped silica glass fine particles at a rate of 10 g/min., simple silica glass fine particles 
25 containing no Ge0 2 was supplied from the outlets 83A and 83B for low concentration doped silica glass fine 2 5 
particles at a rate of 20 g/min., and 0 2 gas and H 2 gas were supplied from the outlet 84 of flame gas at rates of 
10 ^/min. and 1 0 <*7min., respectively, whereby the doped silica glass was formed. In this case, transparent 
round rod-like doped silica glass was produced at a rate of 30 g/min. and the resulting doped silica glass 
exhibited a distribution of Ge0 2 concentration (corresponding to distribution of refractive index) as 
30 illustrated by the graphical representation in Figure 19 in which n 0 designates refractive index of air, and n, 30 
and n 2 are refractive indices of the doped silica glass body in the central portion and outer peripheral portion 
thereof, respectively. In the present example, n, and n 2 were 1,473 (10 moi% in case being represented by 
Ge0 2 concentration) and 1 .458, respectively, and the distribution of refractive index was approximately 
illustrated by the curve in Figure 19 based on the following equation (3): 
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40 wherein n(r) is a refractive index at distance r in the radial direction, erf ( ) is an error function, and A is a 40 
constant. In the distribution of refractive index of Figure 1 9, a uniform portion at refractive index n 2 indicates 
a cladding layer in the case where this doped silica glass is used as an optical fiber, and the cladding layer 
has a function for reducing transmission loss of the optical fiber. 

Furthermore, when the degrees of mixing and diffusion in respect of the flows 85 and 86 of the doped silica 

45 glass fine particles were adjusted by varying the distance between the synthesizing torch 81 and the surface 
of the doped silica glass body 88, both distributions of a refractive index represented by curve A (in case 
where the distance between the synthesizing torch 81 and the surface of the glass body 88 was 10 mm) and a 
refractive index represented by curve B (in case where the distance between the synthesizing torch 81 and 
the surface of the glass body 88 was 50 mm) were obtained. 

50 The distribution of the refractive index represented by curve A was approximately a square curve, and 

when a doped silica glass body having such distribution of refractive index was utilized as a core material for 
optical fiber preform and subjected to wire drawing, the resulting optical fiber exhibited a transmission band 
of 500 MHz-km (1.3 urn wavelength) and a transmission loss of 0.5 dBkm (1.3 um wavelength). 

It is to be understood that although flame was utilized for sintering and vitrifying zones of glass fine 

55 particles in the present example, a high temperature electric furnace, plasma flame or the like may also be 55 
employed.. 

As described above, by using the synthesizing torch as in the present example, a distribution of Ge0 2 
concentration (distribution of refractive index) can be formed in the radial direction of the round rod-like 
doped silica glass body produced according to the present invention, and further a shape of the distribution 
60 can be controlled, thus there is an advantage in that a transmission band and a decrease in a transmission 
loss of an optical fiber fabricated by employing the aforesaid round rod-like doped silica glass body can be 
improved. Moreover, when the round rod-like doped silica glass body is used as a volume lens (or rod lens) 
there is an advantage of image focussing without.a distortion. ....=■• 

Next, one example of the present invention for remarkably reducing evaporation of a dopant will be 
65 described hereinbelow by referring to Figure 21 . Figure 21 is a block diagram for exoiainina manufacture 
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process of the present example in which reference eharan., a m - 

fine particle powder. B, the quartz XKtNd^^&^S^"*"? 3 qU3rtZ powde ' or Si0 2 g.ass 
materia, obtained by further forming a SiO a layer onSe orS „ T*" T^™ 9 a do P^t. C, a 
powder containing a dopant, and O, a doped X s bod v F frT ° r S '° 2 9 ' ass fine P ar »'de 

5 designate steps for the treatment. respeeSSyfo v£X (a HnnS, * 'T* 21 ' (a,) ' (bl) and (c '» 

glass fine particle powder to a raw maLial gas uX mile \Z n« h * ? P ?' eXP ° S, ' ng the quarts or s '°* 5 
1.000 X. ( bl ) is a step for exposing the doped* Jam o S iO o.L, no h " ^ " 3 tempera ""e of 500 - 5 
ajepforv, . 

Step (a,): 

More specifically, when the quart! powder or SKV g£T. fi™ IS P ? ' *° '""*>"<«> '« Rsure 20. ,5 
exarnp.e. SC.* GeCU and H,0 a, a ..mpera^ra o & , '£„' "P"*? «•«. «6r 

» ,e_eon. M 0-, 7 oVc.o u ^^ 

Step ft,): 

exp^d^^ 

25 fine particle formed by .uch^raatma^ " ^00 X. The glass 

show,ng the glass fine particle produced in accordance i?t h , ^ 9 6 22 ' S a sectional view 
91 designates a SiG 2 g.ass fine ^rti^^^^^S^^'T 19 ^ refa " nc " numeral 

In this case, when a reaction temperature is less Z n 500 SS T h ^ a " d 93 3 Si °* 9 ' ass ,aver " 
as seen in Figure 12. whilst when the tempe a tuS i ShanSr Hz ° l ° Pr ° duce Si °" 

30 ,s difficult to form SiO, layer on each surfa« [of the P ™des ' °" e an ° ther so that « 

^^i^^'^^^S 1 ^^^. ^fa""- on the surface of the Si0 2 -dopant 

^ A dehydratmg agent such as C, SOC 2 or the like may be included in the atmospheric gas. 

Stepfc,): 35 

Example 6 

sS!^:^I~:~ -r the step ,b,, of forming a 

having a Si0 2 - GeO. g.ass layer, and 97 a heater element for elec ri, 9 ^"c"' 96 9 ' aSS fine panic,es each 

the apparatus shown in Figure 5 can practically be ap^ied ' ^ F °' ^ of Figure 23. 

SiCU (10 mol%) and water vapor (20 mo.% fo abou K^nZtT*, ^ a,mos P h ^c gas containing 
from heat generation by means of the hJ£nt^?m" l Zl;^ tMratun ° f 500 " *-™> X derived 
glass layer. Thereafter, the resulting product LsS^^S^h °fl Si °»" Ge0 » so,id «ol«lon 
temperature of 1.500 - 1.700 X. The GeO, concentrLt on in^p ^ 3 f ' 3me ° r P ' asma flame at a 

r ?*Xe^ 
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concentration can be produced. In addition accordino .« tho . ■ 9 des,red G e0 2 

5 advantage that the volatilization of GeO £ prevent* ?in case of a d n l'T': t,0n ' there '* a ' S ° SUCh an 

SOCI 2 . or the like which carries out the removal OH group and H ^oTul ^r™™* °' ^ * 

therefore a doped silica g.ass body containing a uSr<S^^^^£S^ ' *"* " ld 
he^be,™ manufaCtUring 30 °> tical ^ «*•*>"" -cording to the present invention will be described 

10 Heretofore, use has been made of the apparatus shown in Raure 24 ?R ™ ofit^. * * 

iber preform from glass fine particles (or a quartz powder tc EatS^ T 10 

from the group consisting of GeO, SnO Pho p n .T ,cn at ,east one dopant material selected 
glass fineries ("queS Se^^ «™ »"*> the 

material with Si0 2 like in the form of Si-O-Ge) In Fiaures 24 ?«; «„h i* effected bv combining a dopant 

15 ^Qnate silica g.ass fine particles 

the g.ass fine particles. 104 an arrow for indicate " , b low off "^"on S«ff^JjT he % 1 ° 3 * f '° W ° f 15 
1 05 a flame or plasma flame, 1 06 a doped silica glass body " 07 1 27 and iS tlZl J , 9 ? f '" e 0 part,c,es ' 

are depos.ted on the extreme end of the starting material 107 by means "of Tnl^^n Jl P^es 101 
25 and hydrogen (plasma flame may also be utilized), and "hen the Z dZosiJd ^ f J^ ° Xy9en 

body became remarkable, and therefore it was required to grind the ou^ "J^ZSt^ 
body m order to employ the glass body as an optical fiber preform resulting glass 

Furthermore, there has been proposed another method as shown in Figure 25 or 26 in whirh th 

35 synthesizing torch 122 (or 132) and cladding torch 124 (134) were emoloved anr!th™^ , . 

121 (or 131, were blown off from the core to'ch 122 (or 132)' « 7e c.addfnX S£ £r££ SK" 35 

26 K ^ Claddin9 ,0rCh 124 ( ° r 134) ' whereb V a 9 ,ass b ° d V ^^?5S7ta2£dy 

(or 137, ^ ar ° Und C ° re 9 ' aSS b ° dy 125 ( ° r 1351 Was P^ d "ced V on the starting matr!a. 127 

40 However, in accordance with this method, there is a disadvantage in that the boundarv <:„rf a ^ 

^^ssss^^ ,, - o, •- ,,o,, ' ,a • , — ^s^^^snj^^ffssi,,, 

«£ C0 9 t0 1 ™ th ° d ° f manufa <=turmg an optical fiber preform of this invention the rotatino axk of ,h» 
starting mater.al ,s mclined with an angle of 5 - 90' with respect to the blow-off d Son o atass f,nT 
parades ,n the case where the g.ass fine particles or quartz powders are bloln ^HoZhl^ a L P nr 

resultmg g.ass body 146 is remarkably improved by providing the inclination o ' in ana ^kWn h 
as stated above, and preferably the angle is within a range of 30 - 70'. 9 SUCh ra " 9e 

'Example 7 
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the inclination with such an angfe SZ^^^l'^ 9 ™* 3 ° f 5 * 90 °- provision of 

become substantially identica. to each otheV^^t^.S ^^* P -" te 149 ° f the 9 lass body 
5 in a d.mension of outer diameter of the resulting gtass boSv 14 Z T there0t SO ,hat an ac ""acy 

10 Fluctuation in outer diameter <%} 

= {Fluctuation width fmmJ/Average outer diameter (mm) >x 100 IAX 10 



a (4) 

1 5 was w.th.n a range of 30 - 70». a fluctuation in o JSSmilr wj. »^Sl when the angle 0 

arrangement having the inclination angle, a growing uo rlU ZMl . ^ ,n addit, 'on. by such 

result, when the ang.e 6 of inclination was wfthin a Grange o 3 S 70° ^ " a ' S ° impr ° ved ' and a * a 
faster than that where the angle 9 of inclination was o" flrowmg-up rate was about 5 times 
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35 



40 



wn^f^ » 

composmon of which differs from that of The glas fi™ es 181 «l° rC ?' ^ 3 9 ' aSS partides the 
md.cat.ng the blow-off direction of the glass fine particle £ ™ ' ? 3 1'^ t0rCh ' 165 an arrow 
25 starting materia, and 169 a rotating ax.sof the sorting matlria, 9 167 3 C ' 3d 9,ass bod * a 

d.ffers from that of the glass fine ^^^^^^^"^2^ Com P° siti °" of which 
body 167 around the aforesaid glass body 166 thereby ootfca? r ^l" svmhesi ~ the clad g.ass - 

30 m the outer diameter thereof was produced Wflereby an ° ptlcal f,ber preform having a uniform dimension 

mol% of Ge0 2 was dissolve*! and theXTqSLTn. ^,5 , * ^ Partic,es 161 '"to which 10 

the torches 1 62 and 1 64 at respect ve ra tes <? n 0 p minTnd £ f 3 COn A SistinQ of a 'one were supp.ied to 
35 composed of the core glass body 1 66 ha vi no « d£™ r/n B/mm - As 3 result ' an ODtical «ber preform 
outer diameter of 100 mm was ^ST!^^^ *™ b ° d V 166 having an 

d *=^n^ 

preform obtained in'the P^enTe^ ,B the °* ical 

40 quartz), respectively, and difference in specific ivetdices ', ? 1458 (refrac ^ "dex of 
Moreover, fluctuation of refractive index in the core q ass bodv wt f = , * 100] Was about 
refractive index in the clad g.ass body was un.form so £ extremely small, and in addition a 

refractive index, but it exhibited a favLable U sTXr d S 
45 Example 9 

Sh£^ 

having a diameter 15-20 times larger than he di meter of the cor?* C,ad 9 ' aSS bod V W 

large-sized clad torch 182. whereby a transparen Deform n ' W3S Synthesi «d by means of the 

case, besides there was no "tail" in the c .d !S wh>h sin 9'e ™de optica, fiber was obtained. In this 

" ideaM 30 '-k° d!PPin9 31 lhG Po^n hwaTseen ^i P n P McTD S met h h ,, ^ VA ° 35 Sh °™ ' «" 

•deal d.str.but.on of refractive index for sing.e mode was "Sta"r^S ' ^ ° bse ™ d - *<> that an 55 

P-asma ^^::^!^~^^ ed b V ^ a heat source such as a 
opt.cal fiber preform was obtained so that n ont 9 P "! * 3b ° Ve exam P'e. an anhydrous 

60 According to the present ln*£^£V£?E££"™™™ C ° U ' d rema ^b.y be reduced 
preform having a uniform dimension in an ou ££i££rT°* 'T* 30 ° P,iCa ' ' iber 

65™r e r- 
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1. A method of manufacturing doped silica glass, comprising the steps of- 

subjecting an easily oxidizable silicon compound to thermal oxidation or flame hydrolysis to produce silica 
5 glass fine particles, 

dissolving a dopant oxide into said silica glass fine particles by means of oxidation of a gas for forminq 5 
doped silica glass on the surfaces of said silica glass fine particles to form doped silica glass fine particles, 
and ' 

sintering to vitrify said doped silica glass fine particles to form doped silica glass. 

10 2. A method of manufacturing doped silica glass as claimed in claim 1, wherein said silica glass fine 1 n 

part.cles are exposed to said gas for forming doped silica glass containing an easily oxidizable silicon 
compound, a gaseous additive of an easily oxidizable compound for producing a dopant which is capable of 
forming a solid solution with said silica glass fine particles through a reaction with water vapor or oxygen 
and water vapor or oxygen at a reaction temperature within a range of 500 - 1 ,200 °C to form said doped silica 

1 5 glass fine particles by means of thermal hydrolysis or thermal oxidation. 

3. A method of manufacturing doped silica glass as claimed in claim 2, wherein said reaction 15 
temperature is adjusted to be within a range of 500 - 1,000 °C in case of said thermal hydrolysis. 

4. A method of manufacturing doped silica glass as claimed in claim 2, wherein said reaction 
temperature is adjusted to be within a range of 800 - 1,200 °C in case of said thermal oxidation. 

20 5. A method of manufacturing doped silica glass as claimed in claim 1, wherein said doped silica glass 

fine particles are sintered to be vitrified directly at a temperature within a range of 1,500 - 1,700 °C 

6. A method of manufacturing doped silica glass as claimed in claim 1 , wherein said doped silica glass 

fine part.cles are fused at a temperature within a range of 1 ,200 - 1 ,400 °C to obtain a porous doped silica 

glass body, which is then sintered to be vitrified at a temperature within a range of 1 ,500 - 1 ,700 °C 
25 7. A method of manufacturing doped silica glass as claimed in claim 2, wherein said gaseous additive is 

at least one easily oxidizable compound selected from a group consisting of easily oxidizable germanium 

tin, lead, zinc, phosphorus, titanium, and boron compounds. 

8. A method of manufacturing doped silica glasses claimed in claim 2, wherein said easily oxidizable 

silicon compound is selected from a group consisting of SiCI 4 , SiH 4 and SiHCI4. 
30 9. A method of manufacturing doped silica glass as claimed in claim 1, wherein quartz powder is utilized *?n 

insteadof said silica glass fine particles. 

10. A method of manufacturing doped silica glass as claimed in claim 7, wherein said easily oxidizable 
germanium compound is GeCI 4 , said easily oxidizable tin compound is SnCI 4 , said easily oxidizable lead 
compound is PbCI 4 , said easily oxidizable zinc compound is ZnCI 4 , said easily oxidizable phosphorus 

35 compound is POCI 3 or PCI 3 . said easily oxidizable titanium compound is TiCI 3 , and said easily oxidizable 
boron compound is BBr 3 or BCI 3 . 

11. A method of manufacturing doped silica glass as claimed in claim 1 , wherein said easily oxidizable 
silicon compound is subjected to said thermal oxidation or flame hydrolysis to form said silica glass fine 
particles, then an easily oxidizable compound for forming dopant including principally an easily oxidizable 

40 germanium compound is thermally oxidized on the surfaces of said silica glass fine particles to dissolve 40 
dopant oxides containing principally germanium dioxide into said silica glass fine particles, and thereafter 
the resulting doped silica glass fine particles are sintered to be vitrified to form doped silica glass containing 
principally germanium dioxide as dopant. 

12. A method of manufacturing doped silica glass as claimed in claim 1, wherein said doped silica glass 
45 fine particles into which said dopant oxide is added are subjected to a heat treatment prior to deposition and 

fusion of.said doped silica glass fine particles on the extreme end of a starting material by means of a flame 
or plasma flame. 

13. A method of manufacturing doped silica glass as claimed in claim 12, wherein said heat treatment is 
earned out by said flame, plasma flame, or a high temperature electric furnace. 

50 14. A method of manufacturing doped silica glass as claimed in claim 12, wherein said heat treatment is 
carried out at a temperature within a range of 1 ,000 - 2,000 = C. 

15. A method of manufacturing doped silica glass as claimed in claim 1, wherein said doped silica glass 
fine part.cles are exposed to an atmospheric gas containing SiCI 4 and water vapor at a temperature within a 
range of 500 - 1 ,200 °C to cover the surfaces of said doped silica glass fine particles with Si0 2 layers 

55 respectively, and then the resulting doped silica glass fine particles thus covered with said SiO, lavers are « 
sintered to be vitrified. 33 

16. A method of manufacturing doped silica glass as claimed in claim 1, wherein a dehydration treatinq 
gas containing a chlorine compound such as SOCI 2 , Cl 2 or the like is included in said easily oxidizable silicon 
compound. | 

60 17. A method of manufacturing doped silica glass as claimed in claim 2. wherein a dehydration treatinq so 
gas contammg a chlorine compound such as SOCI 2 , Cl 2 or the like is included in said gaseous additive 

1 8. A method of manufacturing doped silica glass as claimed in claim 1 2. wherein a dehydration treatinq 
gas containing a chlorine compound such as SOCU. Cl 2 or the like is included in an atmospheric qas of said 
neat treatment. 3 
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5 separate feed openings to control a distr S amounts of d "olved dopant are jetted respectively from 
fine partic.es are sintered an <l ^Sfied '""^ration of dopant, and then said doped si.L glass 

21. A method of manufacturing doped silica glass, comprisina the steosnf- 

10 vapor to form a Si0 2 -dopant solid solution.™ d 2 * re3Ct,ng With H * 0 ' and wat * r 

vitrifying the resulting Si0 2 -dopant solid solution 

doped si.il, gla P ss fine ™ Ztn^Slr 9 "" P3rtiC ' eS ° r ^ P° wde ' «° form' 

staging i m'Srl? J^^^oS,?'^^ Partic,es °' P™ d " on an extreme end of a 

20 means of a flame or ^ ?S?mI »W SSSii ! d'rect.on of a rotating axis of said starting materia, by 
withinarangeofS-^^ 

25 havtg i^:\^^x^^^^: l r ed in c,aim 23 - wherein a ««v- 

formed on the side. ° U " d r ° d llke trans P^ent doped silica glass body is 

^dall^a^ 
*0 JZentlZ^Z^ 
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